Eighteen types of media, all of which used charcoal yeast extract medium as a base, were tested for their ability to support the growth of a stock strain of Legionella pneumophila. Fifteen of these contained antimicrobial agents. Five antibiotic-containing media which performed best in growing the stock strain were then tested for their ability to grow L. pneumophila from clinical respiratory tract specimens. One of the media, BMPAa, which contained cefamandole, polymyxin B, anisomycin, an organic buffer, and a-ketoglutarate, performed better than the others. This medium greatly enhanced recovery of L. pneumophila from contaminated clinical specimens and, in conjunction with an acid wash treatment, facilitated recovery of the bacterium from potable water.
One of the major difficulties in diagnosing Legionnaires disease is the inability to grow Legionella pneumophila from contaminated respiratory tract specimens. With few exceptions, this has limited the types of specimens yielding L. pneumophila to normally sterile fluids and tissues, such as transtracheal aspirates (TTA) and lung biopsies (7) . Since L. pneumophila is often present in the sputum of patients with Legionnaires disease, as detected by direct fluorescent-antibody testing, a medium which would inhibit selectively the upper respiratory flora would permit the routine isolation of this organism from such sputum specimens (7) . Also much needed is a medium which would facilitate the growth of L. pneumophila from environmental specimens, which often contain bacteria.
Our laboratory has reported previously on the use of a semiselective medium containing van- comycin and polymyxin B in the isolation of L.
pneumophila from three contaminated lung specimens (6) . I now report on improvements to this medium which frequently enable the isolation of L. pneumophila from sputum specimens of patients with Legionnaires disease and also facilitate the recovery of the organism from environmental specimens.
MATERIALS AND METHODS
Media. Eighteen types of media, all based on charcoal-yeast extract (CYE) medium, were tested for their ability to support the growth of a stock strain of L. pneumophila (Table 1) (8) . Most of the media contained ACES buffer (Sigma Chemical, St. Louis, Mo.), an organic buffer with a pKa of 6.90 at 20°C. Use of this buffer was first described by Pasculle et al. (12) . Fifteen of the media were supplemented with antimicrobial agents; these were chosen on the basis of in vitro agar dilution susceptibility testing of L. pneumophila (16) and known activities against other microorganisms. Synergy testing, using CYE medium, was also used for testing some of the antimicrobial combinations against a stock strain of L. pneumophila (Wadsworth isolate 242D) (1). Use of a-ketoglutarate was suggested by James C. Feeley. Antimicrobial agents were filter sterilized with a 0.22-jim filter (Millipore Corp., Bedford, Mass.) and added to the basal CYE medium after it had been cooled to 40°C and after L-cysteine and ferric pyrophosphate had been added; the pH was then adjusted. The (12) . Length of time for growth to appear and number and size of colonies were used for comparison.
Comparison of media by using environmental and clinical specimens. Environmental specimens, all of which were potable water, were either plated directly or concentrated 10-fold by centrifugation and then inoculated in 0.1-ml volumes onto BCYEa and BMPAa media simultaneously. These specimens were also treated with an acid wash, as described by Bopp and colleagues (3) . This consists of diluting the specimen 1:10 in 0.2 M HCl-KCl buffer, pH 2.2. This is then mixed in a Vortex-type mixer and incubated at room temperature (21°C) for 4 min. A portion of 0.1 ml is then plated directly onto the culture plates.
Clinical specimens were plated simultaneously onto antimicrobial agent-free and semiselective media as described previously (7) . Organisms other than L. pneumophila were identified by conventional methods, and L. pneumophila was identified on the basis of growth, morphological, biochemical, and immunological characteristics (4, 17) .
Determination of stability of cefamandole in BMPAa medium. Freshly made plates of BMPAa medium made at the same time were either refrigerated at 5°C or placed in a humidified 35°C incubator. Three strains of Morganella morganii and one of Providencia rettgeri, all of which were highly resistant to polymyxin B, were used to assess the stability of the cefamandole component. Cefamandole minimal inhibitory concentrations of the four strains, as tested by agar dilution, were >2.0, >2.0, 2.0, and 0.5 ug/ml, respectively. The organisms were incubated overnight in Mueller-Hinton broth (MHB) at 37°C. Broths were diluted 1:2,000 with Mueller-Hinton broth. The diluted broth suspensions of organisms were then spot inoculated onto the test media, as well as onto blood agar, using a 10-pl loop. The inoculated media were incu-VOL. 14 3 days of incubation, the plates with best growth were BMPAa and BMP2A media. Growth on BCYEa medium was equivalent to that on BMPA medium, both of which contained 20% fewer CFU than did BMPAa and BMP2A media. Again, BMP4A, BM2PA, and BM2P2A media had about 30% fewer CFU than did the media which supported growth the best.
Next, all media which contained 0.1% a-ketoglutarate were studied. These were BMPAa, BMP2Aa, BMP4Aa, BM2PAa, BM2P2Aa, BCYEa, and BCYEaS media. Earliest (48 h) growth was observed on BMPAa, BMP2Aa, BCYEa, and BCYEaS media. The greatest yield of growth was also observed on these plates; there was a twofold difference between the plates with highest and lowest yields. All media tested supported growth, even at low inoculum sizes (5 CFU/plate). Growth on the seleniumcontaining medium was no better than on the same medium without selenium.
Environmental specimens. Ninety-three potable water specimens were plated on both BMPAa and BCYEa media. Nineteen grew L. pneumophila, with 14 16.4 for BCYEa medium, with standard deviations of 32.5 and 28.1, respectively (P > 0.10). The mean incubation times required for first growth of L. pneumophila on BCYEa and BMPAa media, respectively, were 3.0 and 3.4 days, with modes of 3 days for both and ranges of 2 to 4 and 3 to 7 days, respectively (P > 0.10).
Three specimens which were culture positive for L. pneumophila with acid treatment were negative for Legionella because of overgrowth of contaminants with the same specimens not treated with acid. On the other hand, three specimens which were culture positive for L. pneumophila with non-acid-treated specimens were culture negative when the same specimens were acid treated. All three of these false-negative specimens could be accounted for on the basis of low numbers of L. pneumophila organisms in the specimens and the 1:10 dilution of the acid-treated sample before plating. This It is apparent that BMPAa medium, although considerably more sensitive and specific than VP.5 medium, is not ideal. The organisms causing major problems, Pseudomonas sp. and group D streptococci, unfortunately are commonly found in the oral flora of patients at this hospital. Different means of inhibiting these organisms must be found to produce a truly selective medium.
Since the sensitivity of BMPAa medium is almost identical to that of BCYEa medium, a laboratory with limited funds could use BMPAa medium with little risk of decreased yield. Whether this would hold true for the primary isolation of other Legionella species needs to be determined. For this reason, I recommend that both BCYEa and BMPAa be used for the isolation of Legionella sp. from clinical specimens. Both types of media should also be used for environmental specimens, which should be plated in acid-treated and non-acid-treated form.
